Greenhouses are essentially microcosms aimed at providing physical environments suitable for the survival and growth of plants. Crops grown intensively in greenhouses in Great Britain include cut flowers, pot plants and edible crops such as tomato, lettuce, cucumber and celery. The enclosed conditions mean that greenhouse workers are more likely to be exposed to higher levels of plant material, plant pests and plant protection products than general horticulture workers. The potential for ill-health in greenhouse workers is examined with particular reference to Great Britain. The principal potential effects expected include irritancy, asthma, allergic aleveolitis and dermatitis. Although biological control agents are widely used, there were no reports of their having caused ill-health in greenhouse workers. About two people per year are found to have suffered ill-health as a consequence of greenhouse exposure to chemical pesticides in reported pesticides incidents in Great Britain.
INTRODUCTION
Horticulture is defined in the Oxford English Dictionary 1 as 'the cultivation of a garden; the art or science of cultivating or managing gardens, including the growing of flowers, fruits and vegetables'. It can be divided into commercial horticulture (the growing of plants, flowers or fruits for sale) and amenity horticulture (growing of ornamental plants, etc. for public amenities such as parks and botanic gardens and for private gardens). According to the 1993 UK Census of Employment some 11,000 people work in the growing of vegetables, horticultural specialities and nursery products (SIC 01.12), but those employed in local authority parks and gardens are not included within this figure. Although the exact number were not available, many will work, at least for part of their time, in greenhouses.
Correspondence and reprint requests to: H. P. A. Illing, MRC Institute for Environment and Health, University of Leicester, 94 Regents Road, Leicester LE1 7DD, UK Greenhouses are essentially microcosms aimed at providing physical environments suitable for the survival and growth of horticultural plants, despite outside weather conditions. Often this is to extend the season in which a particular crop, such as lettuce, tomato or flowers, is available; sometimes, as in botanic gardens, it is to allow growth of plants which would not survive otherwise. Greenhouses are used to grow 'protected crops', and the main 'protected crops' grown in Great Britain are given in Table 1 . Temperature, light intensity, humidity and atmospheric carbon dioxide levels can be manipulated in order to encourage growth. In temperate northern latitudes, such as that of Great Britain, this almost always includes the means (often artificial) with which to raise temperature and, in winter, light intensity and/or duration. 2 Greenhouses come in many varieties, from the highly sophisticated, architect designed to the humble polythene 'tunnels' (Figure 1 ).
Much commercial greenhouse work is concerned with the intensive raising of horticultural crops. Growing more than one crop per annum, often under mono-culture conditions, is therefore common. Plants The data are given as area of crop grown. As successlonal multi cropping occurs for some crops the data probably overestimated the actual area of glass present. Gaps in the data Indicate that data was not given. Data for 1991 are from Pesticide Usage Surveys 66 ' 67 and can be compared with data In Tables 4 and 5 ; data for 1994 and 1995 are from the Glasshouse Census, 68 and may not be strictly comparable with the 1991 data.
themselves could have toxic (including irritant and allergenic) properties. Their growth and any potential infestation by disease organisms or pests will be controlled using plant protection products (a description used to cover agricultural and horticultural pesticides and plant growth regulators) under conditions which, due to enclosure, may prolong exposure. These pests and products also may be toxic to humans. The growth media chosen may include substances possibly hazardous to health. Conditions are designed to optimize the environment for plant growth, rather than for worker health. The intensity of work suggests that, should there be problems working in horticulture generally, many of them will be more readily apparent in greenhouse workers. This paper examines available information on these aspects of work in greenhouses. Greenhouse practices are likely to vary with the crops being produced and the external weather conditions. The need for plant protection products will also vary according to horticultural conditions and the probability of infestation by the relevant disease organisms and pests. Plant protection products are usually subjected to considerable regulatory control on sale and use, which will vary from country to country and over time. In Great Britain these products are cleared for use under the Control of Pesticides Regulations (1986) 3 and/or the Plant Protection Products Regulations (1995), 4 the latter implementing an EC Directive (91/414/EEC). 5 This means it is essential to be very cautious when extrapolating data from one country or time period to another. In this paper, the intention is to review information with reference to British conditions. Guides (e.g., Whitehead 6 ) are published which list the pesticides available for use in Great Britain, including those cleared for use, either by professional growers or universally, on protected crops.
INFORMATION FROM GENERAL HEALTH STATISTICS
The most obvious likely effects from work in greenhouses are immunologic reactions leading to asthma, allergic alveolitis and dermatitis, and irritancy. Poisoning symptoms may also arise, particularly if there is sufficient exposure to a chemical used to treat-the plants.
The 'Labour Force Survey' (Hodgson et a/.
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) is the principal potential general source of information on worker ill-health. Data were collected from a sample of 75,000 adults in England and Wales. The relevant occupational group in the survey is 'farming, fishery and forestry'. Table 2 gives the relevant information. Excesses in relative risk were seen for asthma, lower respiratory disease and skin disease, with that for lower respiratory disease being statistically significant. How- ever, the occupational group was much wider than greenhouse workers alone and the information is the subjective views of affected individuals. Thus no firm conclusions concerning effects in greenhouse workers should be drawn from the data. In a monthly reporting scheme (SWORD -Surveillance of Work Related and Occupational Respiratory Disease) newly diagnosed cases of work related respiratory disease in the UK are reported by participating chest physicians or occupational health physicians. Only the report for 1993 gave detailed information on the occupations as well as on the causal agents. Out of 395 cases of occupational asthma, five (all due to plant pollen) occurred in gardeners. No cases were recorded as having occurred specifically in greenhouse workers.
INVESTIGATIONS ON THE HEALTH OF GREENHOUSE WORKERS

Respiratory disease
An examination of respiratory function in greenhouse workers in Croatia 13 found a statistically significantly higher prevalence of chronic cough, dyspnoea and rhinitis in a group of 135 female exposed workers than in controls (51 office workers) and of rhinitis in male workers (32 exposed, 31 controls). Excess respiratory and dermal allergic symptoms have also been found in a postal questionnaire study on inhabitants of rural districts of Japan growing cucumbers in plastic greenhouses. 14 Overall, the two studies suggest that there may be a potential for excess of respiratory disease in greenhouse workers, but exposure conditions in Croatia and Japan are likely to differ markedly from those in the Great Britain. Case reports (see 'Plant Diseases and Pests', below) suggest that cases can occur in Great Britain as a result of work in greenhouses, but give no indication as to whether there is an excess incidence in greenhouse workers.
Carcinogenicity and mutagenicity
Epidemiological studies on gardeners (male and female) have suggested that there is high incidence of non-Hodgkin's lymphoma in Danish gardeners and in people living on or near farms in eastern Nebraska, USA.
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" 17 In the latter study it was claimed that the effect correlated with the use of 2,4 phenoxyacetic acid herbicides, substances which are not usually used in greenhouses. Although greenhouse workers may have been included in the Danish study, they were not identified as such. Neither study provides evidence associating greenhouse work with this effect.
Short term genotoxicity studies are aimed at obtaining an indication concerning the potential for developing cancers. One American study examined 12 New York state greenhouse workers using the Ames test. 18 In view of the small numbers involved, the difficulties associated with carrying out Ames tests on human urine samples and the fact that the only association found with a pesticide was for one not available in Great Britain, the study has no clear relevance to British conditions. Micronuclei in blood samples was examined in a study on 56 male and 15 female Italian flower growers.
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20 A significantly higher level of micronuclei was found in the flower growers when compared with 75 blood donors, with higher levels being associated with longer duration of work and with the 43 who worked partly or exclusively in greenhouses. The studies did not examine the causes further. In view of the limited size of the studies, the choice of controls and the H P A. H8ng: Greenhouse wofkers 285 relevance of the climatic conditions, no satisfactory conclusions can be drawn that are relevant to UK conditions.
Reproductive effects
In a Danish paper it was claimed that organic greenhouse workers had higher sperm densities than other greenhouse workers. 21 Organic farmers in general were also shown to have higher sperm densities, 22 thus the presumption has been made that pesticide exposures lowers sperm density in men.
INFORMATION ON POTENTIAL SOURCES OF ILL-HEALTH
Plant material
Although ingestion of material from many species of plants is known to be toxic, material from other species is relatively innocuous and is used as food. Less than one per cent of poisoning cases at accident and emergency departments in the north of England involved plant material. 23 However, the most probable toxicity problems arising from work activities are likely to be those arising from airborne exposure and skin contact.
Cases of occupational asthma due to decorative flowers have occurred in gardeners and florists. 24 Tulip, freesia and chrysanthemum were the claimed sources of the allergen, although further allergens were identified in a review of the literature carried out by Piirila et al.
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Coffee, tea, spices, hemp and cotton have also been identified as capable of causing occupational asthma, in this case in process workers. 25 Although plant material is clearly capable of causing occupationally induced respiratory symptoms, there appear to be no reports of this occurring in greenhouse workers in Great Britain.
Occupationally caused contact dermatitis from plants is common. 26 Florists and bulb handlers are known to be affected by such material. Table 3 summarizes information suggesting that urticaria, irritant dermatitis and allergic dermatitis may be possible hazards arising from handling plants grown in greenhouses, although it gives no evidence of how frequently these may occur as a result of work in greenhouses. Indeed, it might not be possible to obtain valid information on this because the exposed population is likely to be a self-selected survivor population.
Plant diseases and pests
For the purposes of this review the principal plant disease organisms and pests likely to cause human ill-health are fungi and arthropods. Three cases of occupational asthma in tomato growers in Great Britain due to exposure to Verticellium albo-atrum, a fungus which causes vascular wilt in tomatoes, have been identified using challenge testing. 27 Although adequate control was achieved using bronchodilator therapy, two of the three workers moved to jobs elsewhere where exposure was likely to be minimal. Red spider mite (Tetranychus urticae), also a pest for tomatoes, was Plants classified as In Table 1 . Data from Lovell. 28 identified immunologically as the allergen causing asthma in a tomato grower at a completely separate site in Great Britain, 28 and in greenhouse tomato growers 29 and greenhouse based biological control agent production workers 30 elsewhere in Europe. The patient at the British site subsequently gave up the work.
Plant protection products
Products designed to protect plants from pests and diseases can conveniently be divided into biological control agents and chemicals. Biological control methods are often more acceptable to the public than chemicals as they are claimed to be less harmful to the environment.
Biological control agents. Greenhouses, with their manipulated, contained environment are particularly suitable environments for the use of biological pest control methods. A list of organisms used and spray areas covered is given in Table 4 . The two most popular agents (by area covered) are the wasp Encarsiaformosa, used to control whitefly, and the mite Pkytoseiulus persimilis, used to control red spider mite. While bacteria and fungi are regulated as plant protection products, higher organisms are regulated only if they are 'intentional introductions' of new species into Great Britain under the Wildlife and Countryside Act, 31 and then only to ensure that they are unlikely to establish themselves in the wild. No incident involving greenhouse work and biological control agents has been reported by the Pesticides Incidents Investigation Panel in the six year period 1989-95. 32~37 However they would only be expected to report on incidents involving approved pesticides, and this excludes incidents involving arthropods and nematodes.
The potential allergenic effects of the fungus, Verticellium lecanii, used to control whitefly or aphids, have been studied. 38 Airborne spore levels were estimated as 2.5 x 10 10 to 5 x 10 9 per cubic metre during spraying. Although eight (of 141) exposed personnel were found positive on a single occasion when challenged using skin prick tests, only one retested positive. In a second round of tests, five new subjects tested positive with two retesting positive and one being lost to further follow up. The study was claimed not to show an unusually high level of response, but no control group was present. Apart from this possible skin allergenic effect, there were no signs of effects (overt ill-health or in lung function tests) of inhalation, and haematological and clinical chemical (liver and kidney function) tests gave values within normal ranges. The suggestion from this study was that the use of a mould as a biological control agent poses no more risk to health than that already present due to moulds present naturally.
Although cases of occupational rhinitis and allergic asthma have been associated with exposure to eggs and/or scales of beneficial arthropods, 39 " 40 these occurred outside Great Britain. Of the four species involved in the reported cases, only the lacewing, Chrysoperla carnea, is listed in Table 4 . It appears to be sprayed over a very small area, when compared with Encarsia and Phytoseiulus. The exposures occurred 6 and refer to 1995. Area sprayed Is from Thomas et a/. 67 and refers to growing season 1991 for England and Wales only. Where several sprayings were conducted successively on the same crop, each spraying is counted, thus the area sprayed will exceed the area of crop grown. Where spray area for active Ingredient is not shown it was less that 170 ha. Eight active ingredients listed in Thomas et al. are not included in Whftehead. 6 They are aldicarb, benomyl, benodamyl, diazinon, propiconazole, sodium hypochlorite, triforlne and vlnclozolam.
in a centre for production and research on pest control, thus human exposure to the allergenic agent was likely to have been greater than that probable when working in greenhouses. There appear to be no case reports of incidents involving greenhouse workers.
The relative lack of reports on effects arising from the use of biological control agents may be considered confirmation of the premise that biological control agents are usually relatively specific in the range of organisms they affect. As is the case for biotechnology process organisms (see e.g., Crook 41 ) it is unlikely that a control agent selected for general use would cause significant levels of ill-health.
Chemicals. Chemical pesticides, sterilants and plant growth regulators are widely used in greenhouses (Table 5 ). In addition, as, for example, 'exotic' indoor house plants may be grown (in relatively small numbers) in greenhouses, permission may be given to growers to use pesticides under off-label 'extension of use' provisions for specific minor uses. Chemicals are usually considered relatively non-specific in terms of the range of biological species in which they have effects.
General information. Although pesticides are included in data on acute poisonings 44 the data are largely concerned with accidental and intentional ingestion and are therefore not relevant to the present review. Proudfoot and Dougall 43 do include data for route of exposure in 10 work-related poisonings involving pesticides, but the data given are insufficient to associate the incidents with work in greenhouses.
Abstracting data from the reports of the Pesticides Incidents Appraisal Panel indicates that, on average about two people per annum (overwhelmingly employ-ees) have suffered ill-health due to pesticide exposure in Great Britain during the six years 1989-95 (Tables  6 and 7) . However, the range of pesticides causing effects, and the low numbers of people affected and the variety of work undertaken by them means that no further conclusions can be drawn from the data. The system will only work for effects seen shortly after an incident and under-reporting is likely to be a serious problem as the process first requires that a report of an incident is made to an Authority.
Reports on the SWORD project indicate that 3/436 cases of occupational asthma reported in 1989 were due to insecticides/fungicides and 12/1,528 recorded cases in the period 1989-91 were due to pesticides. 8 ' 9 No further details were given concerning the occupations of these cases. A claim is made that there was greater morbidity in 600 female greenhouse workers in the former Soviet Union, when compared with 300 field agricultural workers, due to pesticide exposure. 45 The pesticides * -Only one case recorded. + = Four persons in cases awaiting decision. Brackets Indicate that the Incident may have involved greenhouse work, but it was not clearly identified as such. Classification as other implies that the ill-health could not be related to the pesticide Involved in the incident, either for lack of evidence or because the evidence suggested an alternative cause.
Data from Anonymous. 
32-37
1989-90
Handling used and the effects seen were not fully documented. Thus no conclusions can be drawn from the study.
There are reports of health effects in two studies on greenhouse sprayers in Mediterranean conditions. A statistically significant increase in chromosomal aberrations was found in the peripheral lymphocytes from a group of 28 Greek greenhouse sprayer growing tomatoes and cucumbers, when compared with 14 controls. 45 The second study 47 considered effects on health in two groups of male Spanish sprayers. Some 80 'farmers', characterized as having low exposure to a variety of pesticides, were compared with 25 'pesticide applicators', characterized as having high exposure. The paper admitted that personal hygiene standards were low. Questionnaires were used to obtain personal, social, occupational and clinical histories. Depression (relative risk = 4.2, 95% confidence limits = 2.2-7.9; p < 0.001), headache and paraesthesia were more frequently recorded for sprayers from the high exposure group. In addition, (spontaneous) abortions were more frequently claimed in the high exposure group (relative risk = 3.14, 95% confidence limits -1.25-7.9; p < 0.01). However, there appeared to be no attempt to control for recall bias. Both studies were very small, thus no firm conclusions can be drawn from them. In addition, as both studies relate to Mediterranean external climatic conditions and agricultural practices, any conclusions that can be drawn from them would be of doubtful relevance to British practice.
Studies concerned with specific chemicals or groups of chemicals Methyl bromide. Grand mal type convulsions have been reported in a British nurserymen who became comatose following exposure to methyl bromide while assisting in fumigations by sealing greenhouse doors. 48 Similar effects have been reported in two patients in an incident in the Netherlands in which nine people were affected by methyl bromide spreading through empty greenhouse drains during fumigation operations. 49 Methyl bromide is an ozone depleter, and, as it is included among the substances currently covered by the Montreal Protocol, attempts are being made to minimize it's use as a fumigant.
Cholinesterase inhibition (organophosphate/carbamate pesticides). Organophosphate and carbamate insecticides are known to be potential neurotoxins. Plasma cholinesterase, a marker for neurotoxicity, is inhibited by these agents. Lander and Lings 50 found that there was a trend, which was not statistically significant, towards a depression of plasma cholinesterase activity in a sample of 100 nursery greenhouse workers in Funen, Denmark, when compared with activities in orchard sprayers or slaughtermen. This trend could be associated with duration of exposure to pesticides. A second study, 51 undertaken on 204 nursery greenhouse workers in the Odense area, measured cholinesterase activity during the spraying season and out-of-season. A non-exposed population (360 school staff) served as controls. There was a statistically significant in-season dip in cholinesterase activity in the greenhouse workers not seen in the controls, although it was small and would not normally be considered clinically significant. The depression was seen for both organophosphates and carbamates, including several not registered in Great Britain, but identification of the specific compounds responsible for the dips was not undertaken. In a third study, 52 this time on 131 sprayers in greenhouses growing exotic flowers, it was demonstrated that wearing protective clothing reduced this depression in cholinesterase activity, but use of gloves had little effect and the diminution of effect as a result of the use of face masks was not statistically significant.
Statistically significantly lower serum cholinesterase activities were found in Mexican greenhouse workers (15 female, eight male) at the end of a day spraying omethoate than in a control group (19 female, 11 male) of local residents. 53 In a Finnish study, 54 results of cholinesterase activity determinations were given for each of eight greenhouses in which flowers were grown and the workers exposed to mevinphos. Depressions of up to 26% were recorded in 'before' and 'after' measurements. The decreases recorded in both studies were too small to be associated with any clinical manifestation of ill-health. No special note was taken concerning the use of protective clothing or respiratory protection, so it must be assumed that extraordinary precautions were not taken. These studies therefore suggest that likely uptake was low when compared with that needed to cause ill-health.
Occupational asthma. A Japanese farmer developed asthma as a consequence of his use of the fungicide tetrachloroisophthalonitrile in plastic greenhouses. 55 The pesticide is not listed in Table 5 as available in Great Britain.
Skin sensitization. Two female workers have been found to have contact sensitivity to methomyl. 56 Both worked in greenhouses where methomyl was sprayed. Neither wore protective gloves.
Pyrethroids. A study in 11 Hungarian greenhouse sprayers compared these workers with controls not occupationally exposed to pesticides. 57 Although the workers had been exposed to organophosphates and carbamates, they sprayed solely pyrethroids for the three months of the study. Medical examinations before and after the three month period included urinalysis, haematology, immunology (IgG, IgA, IgM levels), cholinesterase activity in whole blood, gamma glutamyl transferase activity in serum, and electrocardiography. No effect attributable to the pyrethroids was detected. Chromosome aberrations were examined solely at the second examination and statistically significant increases (over controls) in numerical H. P A. [Ming: Greenhouse workers 291 aberrations were detected. However, the numbers remained within normal ranges and, as very specific matching of test and control patients is required and the paper did not give sufficient detail to determine if this was carried out, the importance of the results cannot be determined.
Plant products/extracts
Substances such as rotenone ( 
OTHER MATERIALS
Other potentially hazardous materials used in greenhouses include plant growth media and carbon dioxide. Peat is a major growth medium used in greenhouse work. 62 ' 63 Mixing of peat-based media and filling of pots is often automated. There is pressure, on environmental grounds, to move away from peat based media. Other potential media include composted bark, coir, composted vegetable wastes, perlite, rock wool, vermiculite, etc., many of which are used mixed with peat. Some crops, notably tomatoes and cucumbers can be grown on peat-free media such as rockwool and perlite. 2 Although organic dusts generally include many asthma and extrinsic allergic alveolitis inducing agents affecting agricultural workers {e.g., Waldron 60 ), there appeared to be no recorded cases literature as being due to exposure of greenhouse workers to these materials.
Levels of carbon dioxide considered beneficial to plants are around 800-1000 ppm. Ambient air contains around 200 ppm, and this is supplemented by carbon dioxide obtained by burning natural gas or fossil fuels. Levels of 800-1000 ppm are well below potentially toxic levels and are no more than one fifth the Occupational Exposure Limit.
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CONCLUSIONS
The conclusion, arrived at both intuitively and from the information given above, is that working in greenhouses involves working with potentially hazardous substances. These substances include plant material and material from plant disease organisms, pests and the substances used to control these pests. Specific case reports have identified that both fungal disease material and arthropod pest material can cause asthma in workers in British greenhouses. However, there may be 'self-selection' of the exposed population, due to susceptible people moving to other work if they are sensitive to any of the biological and chemical materials present in greenhouses.
Noteworthy is the absence of any report of ill-health in conventional greenhouse workers due to biological control agents.
The information available from the literature concerning ill-health incidence (and hence risk) in Great Britain includes one useful set of data, that from the Pesticides Incidents Appraisal Panel. This indicates that, over the period 1989-95 on average, a minimum of approximately two people per annum are likely to have suffered some degree of ill-health during or shortly after exposure to plant protection products in British greenhouses. No deaths have been recorded. Although the total number working in greenhouses is difficult to determine, it may be of the order of 10,000. Thus the incidence of ill-health is relatively low.
Studies on the effects of specific pesticides on British greenhouse workers are restricted to a case report wherein grand mal convulsions occurred following exposure to methyl bromide. Studies outside Great Britain have suggested that greenhouse workers exposed to organophosphorus pesticides may have lowered cholinesterase activity after exposure, but not to the extent where clinical manifestations of neurotoxicity become apparent. However, the pesticides to which these people were exposed include many not available in Great Britain. Other information, including that on longer term effects, is insufficiently specific or is not relevant to British conditions. The use of many pesticides, including plant protection products, is subject to specific regulation which include requirements concerning worker protection, but the responsibility for deciding on what is appropriate as worker protection for other hazards is largely left to the employer under general provisions, such as the Control of Substances Hazardous to Health Regulations (1994) 65 . In addition, good plant hygiene may, incidentally, reduce human exposure to plant disease organisms and pests. Thus both occupational hygiene and phytosanitary practice contribute towards minimizing the ill-health risks through influencing the exposure.
